Results: Twenty-nine patients were studied. Sixteen were receiving maintenance steroids, and 13 were on a steroid minimization regimen. Mixed effects analysis of covariance models demonstrated that at 1 month, children receiving maintenance steroids had higher cholesterol compared with the steroid minimization group. Statistically significant differences in total cholesterol were not seen at other time points. Similar findings were noted for the LDL cholesterol, LDL/HDL, and cholesterol/HDL ratios. At 1 month, the serum HDL cholesterol was substantially lower in the steroid minimization group. Differences in the HDL cholesterol levels remained significant throughout the first year.
P ost-transplant hyperlipidemia affects the majority of solid organ transplant recipients (1, 2) . While hyperlipidemia has been shown to contribute to an increased cardiovascular risk in adult patients after renal transplantation, a similar link in pediatric recipients has not been established. Changes in serum lipid profiles reported after transplantation include an increase in total cholesterol, triglyceride, LDL cholesterol, and VLDL cholesterol (2) (3) (4) . On the other hand, the effect of renal transplantation on HDL cholesterol is variable (5, 6) . Factors including age, body mass index (BMI), pretransplant lipid levels, presence of diabetes, use of antihypertensive medications, and immunosuppressive agents have been implicated as being contributory to posttransplantation hyperlipidemia (7) . As part of our institutional protocol, all renal transplant recipients after 1999 have been managed preemptively with fixed-dose pravastatin for its potential benefits in reducing acute rejection (8, 9) , regardless of the recipients' serum lipid levels.
A previous study from our center evaluated the effect of pravastatin on lipid levels in a cohort of pediatric renal transplant recipients who were receiving maintenance steroids. The preemptive use of pravastatin reduced the incidence of hypercholesterolemia and also lowered LDL (10) . An unexpected finding in our study was a substantial decrease in HDL levels over time in the cohort that was treated with pravastatin; data on HDL levels were not available in the control population. Multivariate analyses showed that the two predictors of low HDL were lower prednisone dose and lower creatinine clearance. However, an effect of pravastatin on reducing HDL could not be evaluated.
Since 2004, our center has adopted a novel steroid minimization immunosuppression protocol; even in this cohort, preemptive pravastatin was used as part of our protocol. This gave us the opportunity to analyze retrospective data on serum lipid levels among our pediatric recipients who were managed by steroid minimization, comparing them to patients who received maintenance steroids, to study the effect of steroid elimination on the prevalence and pattern of dyslipidemia, in the setting of preemptive pravastatin use. Data from time points when patients were receiving sirolimus were excluded from the analy-ses due to the known effect of sirolimus in contributing to dyslipidemia.
Patients and Methods

Patient Population
This was a retrospective longitudinal cohort study of children who received renal transplants at the University of California Davis Children's Hospital from January 2001 to January 2008. None of the recipients were known to have a genetic predisposition for dyslipidemia. No patient in either group was treated with diuretics or other medications known to contribute to dyslipidemia during the study period. As part of the protocol, all patients were treated with fixed-dose pravastatin from postoperative day 1. The dose of pravastatin was 10 mg once daily for children less than age of 10 years, and 20 mg once daily for older children. From 2001 to mid-2004, patients (group 1) were managed with steroid-based maintenance immunosuppression. After mid-2004, all patients were managed with a novel steroid minimization protocol (group 2). Table 1 depicts the protocols used during the study. The Institutional Review Board (IRB) at the University of California, Davis approved the study. Based on the practice at our center of using pravastatin preemptively in all patients and monitoring lipid profiles as part of our routine standard of care and since all data were analyzed retrospectively, we did not consider it necessary to obtain consent/ assent from patients and the IRB gave us an exemption to that effect.
Materials and Methods
The clinical data collected for analysis included the age, sex, weight, height, BMI, ethnicity, donor source, mode of renal replacement, and antihypertensive medication requirements. Laboratory values including the pretransplant total cholesterol, and lipid profiles at 1, 3, 6, 9, and 12 months after transplantation were also abstracted; these were obtained in a fasting state. Pretransplant data on lipid levels other than the total cholesterol were not available.
Definitions
BMI percentiles were based on the Centers for Disease Control and Prevention (CDC) 2000 growth charts and were calculated using a SAS programming code (11) . Children were classified as dyslipidemic if any of the lipid values were abnormal relative to established values for either the 5th or 95th percentile for children-with the 5th percentile used for HDL and the 95th used for the others (12) . We also analyzed two lipid ratios that have been shown to be predictors of adverse cardiovascular outcomes (13) (14) (15) : (1) the cholesterol/HDL ratio (abnormal: Ͼ4.0) and (2) the LDL/HDL ratio (abnormal: Ͼ3.0).
Statistical Analyses
Unadjusted comparisons between group 1 and group 2 were assessed for statistical significance using Fisher exact test for categorical data and t test for continuous measures. We used mixed-effects analysis of covariance models (a multivariate regression methodology for longitudinal data) to estimate adjusted between-group (steroid maintenance versus steroid minimization) mean differences on post-transplant lipid measures. For each of the lipid measures that we examined, these models specified that the mean level could be expressed as the sum of group-specific fixed effects for time since transplant (fixed slopes), group-type (fixed intercepts), group-specific effects in the acute phase of recovery (within 60 days of transplant), and fixed effects for gender, age at transplant, and BMI percentile (measured at 1 month post transplant). To account for patient-specific heterogeneity in baseline levels and over-time changes, random slopes and intercept effects were specified. For multivariate analyses, we used multiple imputation to account for intermittent missing data in follow-up outcome and dose measures. Version 9.2 of the SAS System was used for statistical computations. Statistical significance was achieved when the (two-sided) P value was Ͻ0.05. Because the hypotheses being addressed in this observational study concerned the effects of maintenance steroids on specific lipid measures, P values were not adjusted for multiple comparisons.
Results
Demographic Data
Twenty-nine children were transplanted during the study period, all of whom are included in the analysis; 16 of these were in group 1. Due to various reasons, including biopsy proven calcineurin inhibitor toxicity, hyperglycemia, and alopecia, five patients (four in group 1 and one in group 2) were started on sirolimus at some point in time during the study period. Demographic data by treatment groups are depicted in Table 2 . There was no difference in the mean (ϮSD) and median age at the time of transplantation between the two groups (9.0 Ϯ 6.8 years and 7.9 years for group 1 versus 10.5 Ϯ 5.2 years and 11.2 years for group 2, respectively, P Ͼ 0.05). There were no significant differences between the two groups in any baseline characteristic, including the pretransplant total cholesterol, BMI, or estimated GFR (eGFR). Group 1 received oral steroids as part of the immunosuppression after renal transplantation. The initial dose of prednisone after transplantation was 2 mg/kg per day. At 1, 3, 6, 9, and 12 months, mean doses had been tapered to 0.69 Ϯ 0.18 mg/kg per day, 0.20 Ϯ 0.08 mg/kg 
Unadjusted Comparisons of Lipid Levels
Data on unadjusted laboratory values of lipid levels and ratios for the two groups are depicted in Table 3 .
Although there was no difference between the groups in their pretransplant total cholesterol, at the 1 month follow-up, statistically significant differences in both the cholesterol and HDL levels were noted between the groups. At 1 month, group 1 had a higher mean total cholesterol (200 Ϯ 49 mg/dl in group 1 versus 135 Ϯ 31 mg/dl in group 2, P Ͻ 0.05). Although the mean total cholesterol continued to be higher in group 1 throughout the study period, the difference was statistically significant only at 6 months posttransplant. Patients in group 2 had a significantly lower HDL level (70 Ϯ 25 mg/dl in group 1 versus 35 Ϯ 12 mg/dl in group 2, P Ͻ 0.05) at 1 month. The difference in HDL levels between the two groups remained significant at all time points, except at 9 months when the difference was of borderline statistical significance (P value ϭ 0.06). During the first 30 days, over half of the difference in total cholesterol between the groups could be accounted for by the difference in the HDL levels. We also observed significantly higher LDL levels and a higher LDL/HDL ratio in group 1 compared with group 2 at 1 month.
There were two patients with nephrotic range proteinuria (urine protein to creatinine ratio Ͼ2.5) during at least one time point, one in each group. We did not see any correlation between dyslipidemia and nephrotic range proteinuria.
Point Prevalence of Dyslipidemia
Based on the cut off values for dyslipidemia, 25% of the patients at baseline had hypercholesterolemia, although the prevalence of elevated total cholesterol was not different between the two groups (27% and 23% in group 1 and group 2, respectively, P Ͼ 0.05). In spite of the fact that all patients were preemptively given pravastatin after transplantation, a large proportion of children in both groups remained dyslipidemic. Table 4 shows that 56% of patients in group 1 had abnormal total cholesterol; moreover 44% had high triglycerides at 1 month after transplantation. Although no patient in group 2 had hypercholesterolemia at the 1-month follow-up, 31% had abnormally high triglyceride levels. On the other hand, 46% of children in group 2 had abnormally low HDL. Compared with group 1, the higher prevalence of abnormally low HDL levels in group 2 was statistically significant at 1 and 6 months post transplant. We also observed higher prevalences of abnormal cholesterol/HDL and LDL/HDL ratios in group 2 throughout the follow-up period, but these were not statistically significant (P Ͼ 0.05, by Fisher exact test).
Mixed Effects Analysis of Covariance Results
Multivariate analyses were performed using mixed effects analysis of covariance models to estimate between-group differences on post-transplant lipid measures with adjustments for the fixed effects of steroid use, age at transplantation, BMI percentile, gender, and ethnicity on posttransplant lipid values as well as for random effects at the patient level, as described earlier. Estimated adjusted between-group differences on lipid measures are shown in Table 5 . As can be seen from the table, steroid use had a significant effect on all lipid parameters, with the exception of serum trigycerides, at 1 month. The magnitude of the average effect of steroid use on total cholesterol was considerable at 1 month (66 mg/dl); although the effect was NS at subsequent time points, the size of the effect remained quite large. Similar observations were noted for LDL and for the two lipid ratios. For the HDL, a statistically significant effect of steroid use was noted at every single time point after transplantation, the greatest effect being in the early post-transplant period. 
Discussion
Dyslipidemia is a common problem after solid organ transplantation (7-9,16-18). Although diet may contribute to the dyslipidemia after renal transplantation, a recent study in children has disputed this association (19) . The most important contributor to lipid abnormalities after transplantation is the choice of immunosuppressive agents (20) . Corticosteroids, cyclosporine, and sirolimus have all been shown to have profound adverse effects on serum lipid levels (21-24), while tacrolimus and mycophenolate mofetil (MMF) appear to have minimal to no dyslipidemic effects (20) (21) (22) 25) .
The need to recognize and investigate dyslipidemia after transplantation is related to the well known observation that even in children, cardiovascular diseases are responsible for over 40% of all mortality in the setting of ESRD (26) . Although the risk of cardiovascular mortality decreases significantly after transplantation, it continues to account for about 10% of all deaths in the post-transplant period (27) . Among the many contributors to post-transplant cardiovascular mortality, is dyslipidemia. In the adult population, elevated total cholesterol, elevated LDL (28), and low HDL (29) have all been associated with an increased prevalence of cardiovascular events after transplantation.
The aim of our study was to investigate the impact of corticosteroids on lipid levels in pediatric renal allograft recipients. Corticosteroids enhance the activity of acetyl-CoA and free fatty acid synthetase and lead to elevations of total cholesterol, VLDL, and triglycerides. The induction of a hyperinsulinemic state by steroids increases the hepatic synthesis of LDL-receptor activity (30) and an increase in the rate-limiting enzymes involved in lipogenesis (31) . In addition to the potential benefit of lowering the risk of acute rejection (8) , pravastatin has also been proven to be useful in reducing post-transplant hypercholesterolemia in both adults and children (10, 32, 33) . Our previous pilot study showed that in a cohort of children immunosuppressed using a steroid based regimen, compared with controls, the use of pravastatin was associated with lower lipid levels at all time points after renal transplantation (10) . Although no established guidelines exist on the use of statins in children less than 10 years of age, based on the long-term risk of cardiovascular morbidity and mortality after transplantation, we have felt that it is justifiable to use statins preemptively in pediatric renal allograft recipients, and a fixed-dose pravastatin has been part of our regimen after transplantation since 1999.
In this study, as shown in the results section, multivariable regression analyses suggest that steroids have an independent effect on cholesterol levels and hypercholesterolemia, most notably during the first month after renal transplantation. However, unlike the effect on total cholesterol levels, the effect of steroids on HDL differs (2) . Corticosteroid therapy may raise the HDL level by increasing apolipoprotein A-1 synthetase and by decreasing the activity of cholesterol ester transfer protein (CETP) (34) , as has been observed in patients with sarcoidosis (35) . In a recent study, steroid withdrawal was associated with a 14% to 22% decrease in HDL in a transplanted cohort of adult recipients (36) . In our pilot study in children, HDL levels significantly declined after transplantation, especially after 3 months, at a time when the dose of steroids had been reduced significantly (10) . In the present study, we again observed significantly lower levels of HDL in our cohort that was not receiving maintenance immunosuppression with steroids (group 2). Regression analyses again confirmed the significant association of steroid use and HDL levels. Compared with group 2, group 1 had higher HDL levels at all time points, and the difference was significant even at the 12-month follow-up, when group 1 recipients were on very low dose prednisolone (0.12 Ϯ 0.07 mg/kg per day).
The risk associated with this high in incidence of abnormally low HDL in our cohort with steroid minimization immunosuppressive therapy is unknown. However, there is growing evidence that low HDL levels may impart additional risk for future cardiovascular disease (37) . Furthermore, although not statistically significant, we observed a trend for more children in group 2 having an abnormally high cholesterol/HDL and LDL/HDL ratios, which may further suggest a negative cardiovascular effect of excluding steroids after renal transplantation, as these ratios have been proven to be predictors of adverse cardiovascular outcomes.
The lack of a significant effect of corticosteroids on serum triglyceride levels may be related to the fact that many other factors, such as metabolic derangements, affect triglyceride levels and may have confounded the analyses, although none of our patients in this study were diabetic.
Hence, on one hand, the results of the present study do suggest an adverse effect of steroids on increasing the level of total cholesterol after renal transplantation in children, since the total cholesterol levels were higher at all time points in group 1, although the effect was transient and was only significant during the first month after transplantation, when steroid doses were relatively high. However, in children managed with a steroid minimization protocol, many more patients had lower HDL levels, when compared with the cohort that received maintenance steroids. The potential cardiovascular protective effect of eliminating steroids after renal transplantation, which had hitherto been promising, suddenly becomes a bit more questionable. Having stated that, we do need to recognize and emphasize that dyslipidemia is but one unwanted effect of Mixed-effects ANCOVA adjusted estimates and 95% CI for mean between group differences (steroid maintenance versus steroid minimization) in post-transplant lipid levels.
a Two-tailed P Ͻ 0.05.
chronic corticosteroid therapy, the others being weight gain, hyperglycemia, hypertension, growth failure, osteopenia, and many other cosmetic side effects, all of which need to be taken into consideration. Our study was too small and of too short a duration to investigate the effect of steroid minimization on the aforementioned morbidities. Another variable that needs to be considered and merits further investigation is the role of pravastatin in preventing/ treating dyslipidemia. At our center, pravastatin was included in our protocol for its immunomodulatory effects rather than for preventing lipid abnormalities; hence, pravastatin doses were not adjusted according to the individual patient lipid/ HDL levels, nor was there a protocol to switch to alternative more-potent statins, which may be more effective in ameliorating lipid abnormalities in the steroid-based group (38) , thereby reducing the incidence of hypercholesterolemia in this cohort. A complex dose effect for some of the statins on HDL levels has been shown in previous studies, and hence dose adjustments (in either direction) may be a strategy to consider when aberrations in HDL levels are noted (39) . Additionally, the use of strategies, both pharmacologic and nonpharmacologic that may help in increasing HDL-levels, may help in making steroidminimization even more attractive than it presently is (40) .
Our study is limited by its retrospective nature and lack of data on pretransplant lipid parameters, other than the total cholesterol. We also acknowledge that the small sample size of our single institution study adversely affects the power of our analyses to find modest but clinically important associations and limits the generalizability of our findings. Nevertheless, we feel that our study is important, clinically relevant, and points to the need for prospective studies evaluating the long-term effect of steroid-minimization on dyslipidemia.
Conclusions
Our study suggests that in a pediatric cohort, in spite of using fixed-dose pravastatin, the use of maintenance steroids after renal transplantation transiently increases total cholesterol in a dose-related manner. A significant decline in HDL levels was observed in the steroid-minimization cohort, the underlying mechanism for which has yet to be clearly elucidated; moreover, its long-term impact on cardiovascular morbidity is unknown but is concerning enough to warrant further investigation. Having stated that, it is also important to recognize that the use of corticosteroids has other adverse effects that all need to be considered in a risk-benefit analysis before committing children to one or another regimen.
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